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Julie Dalsgaard Grunnan and Steen Rosthøj
Pediatric Oncology Section, Pediatric Department, Aalborg University Hospital, Aalborg, Denmark
ABSTRACT
Introduction: Children with newly diagnosed acute lymphoblastic leukemia (ALL) present with
low peripheral blood counts caused by bone marrow replacement. The recovery of counts
during induction chemotherapy is not well described.
Material and methods: Records for 63 children with ALL were reviewed. Peripheral
hematology blood counts during five weeks of induction chemotherapy were extracted, and
the time to partial recovery with safe counts and complete recovery with normal counts in
the three cell lines determined. The number of red cell and platelet transfusions, the number
of febrile episodes, and the number of days on intravenous antibiotics were counted.
Results: Platelet recovery occurred early: median time to achieving counts >50/nL 14 days, to
counts >100/nL 16 days. Neutrophil recovery was relatively slow: median time to counts >0.5/nL
18 days, to counts >1.0/nL 26 days. The time to partial recovery was shorter in high risk than in
lower-risk treatment groups. Partial platelet recovery by day 15 indicated early recovery and
lower morbidity. Complete platelet recovery day 15 was significantly associated with residual
disease <0.1% after four weeks. Lymphocyte counts showed a marked decrease in first two
weeks followed by a rise in the next three weeks; a count <0.35/nL on day 15 was associated
with poor response.
Conclusion: After starting chemotherapy for ALL, platelet recovery can be expected after two to
three weeks while neutrophil recovery lasts three to five weeks. Platelet and lymphocyte counts
after two weeks treatment may give an indication of residual disease after four weeks.
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Introduction
In Denmark about 40 children are diagnosed with
acute lymphoblastic leukemia (ALL) every year,
making it the most frequent malignant disease entity
in childhood. The disease is characterized by accumu-
lation of lymphoblasts in organs (lymph nodes, liver,
spleen) and by infiltration of the bone marrow (BM)
with blasts. Because of the marrow displacement ery-
thropoiesis, granulopoiesis and thrombopoiesis are
suppressed, and typically all three cell lines are
involved with low counts in peripheral blood. The
bone marrow failure results in anemia, bleeding and
bacterial infection, the classic presenting triad [1].
Initial chemotherapy aims at induction of complete
remission, i.e. clearance of blasts from the bone
marrow on morphological examination, usually
achieved after four weeks of treatment. As leukemia is
cleared the normal bonemarrow can regenerate, result-
ing in normal peripheral counts. This process of regener-
ation is important as a sign of treatment effect, and in
regaining normal BM function and recovering from
the clinical problems caused by BM insufficiency. The
period with very low counts is associated with
morbidity, i.e. need for transfusion therapy and anti-
biotic treatment. Furthermore, this period is associated
with a risk of serious and life-threatening complications;
thus, there is an induction mortality of 1%, mostly from
bacteremia, occasionally from severe bleeding [2].
In the management of children with ALL commen-
cing chemotherapy, knowledge of the expected dur-
ation of the risk period and the time to complete BM
regeneration would be useful. A rapid recovery
obviously reduces morbidity, but also could be
assumed to be a sign of good response to treatment.
Publications concerning these issues are sparse [3,4].
We have therefore reviewed a cohort of children with
newly diagnosed ALL in order to describe the recovery
of BM function after initiation of induction chemother-
apy, to determine if it differs in the therapeutic risk
groups, and to examine if recovery is related to treat-
ment response as assessed by the amount of residual
disease after four weeks. In addition, we aimed to
describe the changes in lymphocyte counts during
induction treatment – possibly an important host
factor in tumor immunity [5,6] – and explore their prog-
nostic significance.
© 2019 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.
CONTACT Julie Dalsgaard Grunnan julie.grunnan@regionvarmland.se
HEMATOLOGY
2019, VOL. 24, NO. 1, 467–472
https://doi.org/10.1080/16078454.2019.1621019
Materials and methods
From July 2000 to June 2014, 63 children and adoles-
cents aged 1–18 years were diagnosed with ALL at
Aalborg University Hospital. The immunophenotype
was precursor B-cell ALL in 57, T-cell ALL in 6. The chil-
dren were treated according to the Nordic collabora-
tive treatment protocols NOPHO ALL-2000 (n = 32) or
NOPHO ALL-2008 (n = 31). They were stratified to stan-
dard risk (SR), intermediate risk (IR) or high risk (HR)
therapy according to risk factors including leukocyte
count, immunophenotype, cytogenetic changes and
response to therapy evaluated by minimal residual
disease (MRD). Induction chemotherapy consisted of
Prednisone for five weeks, six weekly doses of Vincris-
tine, two doses of Doxorubicin, and four doses of
intrathecal Metotrexate; for cases with high risk
factors at the time of diagnosis a third dose of Doxoru-
bicin was given, and in ALL-2008 Prednisone was
replaced with Dexamethasone. Treatment response
was assessed by BM examination days 15 and 29.
MRD was measured by multicolor flow cytometry for
pre-B ALL, with PCR for T-ALL; the criterion for good
response was MRD <0.1% at day 29.
Patient records were reviewed to describe BM
regeneration during the induction period as reflected
in the rise of peripheral blood counts. The following
data were extracted: the date of commencing induc-
tion chemotherapy; the dates of measuring the last
Hemoglobin (Hb) value <5.0 mmol/L, the last platelet
count (PLC) <50/nL, and the last absolute neutrophil
count (ANC) <0.5/nL, all subsequent counts remaining
above these levels (defining partial recovery); the
dates of measuring the last Hb <6.0 mmol/L, PLC
<100/nL, and ANC <1.0/nL (complete recovery); BM
morphology and MRD at days 15 and 29; and the
numbers of erythrocyte transfusions, platelet transfu-
sions, febrile episodes, bacteremic episodes and days
with intravenous antibiotics as measures of morbidity
associated with poor BM function. In addition, the
absolute lymphocyte counts (ALC) on days 1, 8, 15,
22, 29 and 36 were recorded. For brevity, counts at
different times have been written with a suffix for treat-
ment day, i.e. ALC-1, ALC-8, etc.
Data were analyzed descriptively. For each case, the
duration of the periods to partial and complete recov-
ery of the three cell lines were calculated from the
recorded dates. For the whole cohort or for subgroups
of children, BM regeneration was visualized in plots
showing the percentages having achieved partial or
complete recovery. Average times to recovery and
measures of morbidity were compared for the three
risk groups, and for children with good and poor treat-
ment response.
The study was retrospective and non-interventional,
and data were anonymized. Data collection was
approved by data registration authorities. Ethical
review and informed parental consent was not
required.
Results
The frequency of severe suppression at diagnosis was
80% for all three counts (Figure 1(A)). Partial Hb and
PLC recovery in most cases occurred in the second
and third week of induction, whereas partial ANC
recovery occurred more slowly in the third to fifth
week. The median time to partial recovery was 13
days for Hb, 14 days for PLC and 18 days for ANC. At
day 29, one-quarter of the children still were severely
neutropenic.
The duration of severe cytopenia was similar in the
three risk groups, but for all three cell lines shorter in
the HR group than in the IR and SR groups (Table 1).
The morbidity in terms of transfusions and antibiotic
therapy was similar in the three groups.
Partial platelet recovery by day 15, seen in 56% of
children, could be used as a marker of early recovery
(Table 2). The duration of severe anemia and severe
neutropenia was shorter in this group, the need for
blood product transfusions considerably lower, and
the infectious morbidity lower.
Complete PLC recovery typically occurred in the third
week, while normalization of Hb and ANC generally was
delayed, occurring in the third, fourth or fifth week
(Figure 1(B)). Median time to complete recovery was
16 days for PLC, 20 days for Hb and 26 days for ANC.
Complete recovery of PLC and ANC tended to occur
a little faster in good responders than in poor respon-
ders (Figure 2). PLC-15 had become normal in 49%
vs. 18% (OR 4.29, CI 1.23–14.9), i.e. significantly more
frequently. ANC-22 had become normal in 46% vs.
27% (OR 2.30, CI 0.75–7.1). These differences were
more pronounced on the NOPHO-2000 protocol than
on the NOPHO-2008 protocol (data not shown).
The lymphocyte counts showed a characteristic
change during induction therapy, with a marked
decrease in the first two weeks followed by regener-
ation over the next two to three weeks (Figure 3).
Median ALC at days 1 – 15 – 29 – 36 were 2.1 – 0.7 –
1.05 – 1.9/nL. The percentages with lymphopenia
<1.0/nL at these treatment days were 31% – 68% –
43% – 21%. At day 15, lymphopenia was more frequent
in poor responders than in good responders (79% vs.
63%, OR 2.19, CI 0.61–7.91), and severe lymphopenia
with ALC < 0.35/nL close to significantly more frequent
(42%vs. 18%, OR 3.22, CI 0.95–10.97). At day 36, continu-
ing lymphopenia was seen more often in poor than in
good responders (28% vs. 17%, OR 1.86, CI 0.48–7.21).
Discussion
In this study we have described the recovery from per-
ipheral cytopenia after starting induction chemotherapy
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(a)
(b)
Figure 1. Recovery of peripheral blood counts during induction chemotherapy treatment days 1–36 in 63 children with ALL. (A)
Partial recovery, percentages of children in whom Hb values have stabilized >5.0 mmol/L (solid), platelet counts >50/nL (dotted),
and neutrophil counts >0.5/nL (stippled). (B) Complete recovery, percentages with Hb >6.0 mmol/L (solid), platelet counts >100/nL
(dotted), and neutrophil counts >1.0/nL (stippled).
Table 1. Comparison of time to partial recovery from very low
blood counts during induction chemotherapy and the
associated morbidity in children with standard risk,
intermediate risk, and high risk ALL.
Standard Intermediate High
n = 24 n = 22
n =
17
Duration of severe anemia Hb <5.0 mmol/L 15 14 12
Number of red blood cell transfusions 2.5 2.3 2.3
Duration of severe thrombocytopenia
<50/nL
15 14 11
Number of platelet transfusions 2.3 2.6 1.8
Duration of severe neutropenia <0.5/nL 22 19 17
Number of febrile episodes 0.8 1.2 1.0
Number of bacteremic episodes 0.3 0.4 0.4
Number of days with i.v. antibiotics 5.9 7.0 6.8
Note: Duration = average number of days from day 1 to measuring the last
low count during induction.
Table 2. Comparison of morbidity during induction in children
with early recovery, defined as PLC stabilized >50/nL by day 15,
and late recovery. The group with early recovery includes six
children with all three counts normal throughout induction.
Early recovery Late recovery
n = 35 n = 28
Duration of severe anemia 11 17
Number of red cell transfusions 1.6 3.4
Duration of severe thrombocytopenia 8 21
Number of platelet transfusions 0.9 3.9
Duration of severe neutropenia 15 25
Number of febrile episodes 0.5 1.5
Number of bacteremic episodes 0.1 0.6
Days on i.v. antibiotics 3.2 10.4
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in a cohort of children with ALL. According to our
findings, recovery from transfusion-requiring thrombo-
cytopenia and anemia may be expected after two to
three weeks, while recovery from severe neutropenia
occurs more slowly after three to five weeks. Once
partial recovery has occurred, normalization of the
count follows shortly. There was no difference in time
to recovery between the three risk groups. Three
markers of recovery that may be clinically useful were
identified: (1) PLC-15≥ 50/nL indicated rapid recovery
with low morbidity, (2) PLC-15≥ 100/nL was associated
with good treatment response, and (3) ALC-15≤ 0.35/
nL, i.e. a very low lymphocyte nadir, was associated
with poor response.
The patient series is complete and consecutive, and
the data extracted from the records are reliable with
few missing values. Thus, the description of BM recov-
ery is likely to be accurate. The children were treated on
two different protocols with differences in risk stratifi-
cation but with similar induction chemotherapy, and
no marked differences in pattern of recovery were
seen. The analyses of associations should be inter-
preted with some caution because of small numbers,
but statistically significant associations nonetheless
were found. The direct relation of recovery parameters
to risk of relapse or to survival has not been explored,
the number of treatment failures being too small for
meaningful analysis. Instead, we used MRD-29, the
most powerful prognostic factor, as a surrogate marker.
To our knowledge, recovery of the three cell lines in
the BM during induction chemotherapy has not pre-
viously been reported in the literature. We found a
(a)
(b)
Figure 2. Comparison of recovery in children with ALL with good response (MRD <0.1% day 29, n = 41) and with poor response
(MRD day 29 ≥ 0.1%, n = 22). (A) Percentages of good (solid) and poor (stippled) responders with platelet count stabilized >100/nL.
(B) Percentages of good (solid) and poor (stippled) responders with neutrophil count stabilized >1.0/nL.
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characteristic sequence with relatively rapid PLC regen-
eration followed shortly by Hb recovery, while neutro-
phil regeneration was somewhat slow. In terms of
morbidity, partial recovery is most important. From
the pattern of recovery it appears that bleeding or
anemia requiring transfusion therapy mainly occurs in
the first two weeks of induction, while the risk of infec-
tion or bacteremia often persists throughout induction.
Once partial recovery of a cell line has occurred, com-
plete recovery can be expected in a weeks time.
Contrary to expectation, we found that the period
with severely suppressed counts on average was
shorter in HR children than in IR or SR children. The
need for transfusions and antibiotics was similar in
the three groups, however, meaning that supportive
interventions were delivered at a higher rate in HR chil-
dren. Thus, the period may be shorter but more event-
ful. Possibly this may be ascribed to the use of
dexamethasone rather than prednisone.
PLC-15≥ 50/nL was seen in more than half the chil-
dren and was a marker of early marrow recovery with
shorter duration of severe anemia and severe neutro-
penia. As a consequence, the morbidity in terms of
need for blood products and antibiotic therapy was
lower in this group. Thus, PLC-15 > 50/nL may be a
useful harbinger of impending BM regeneration, indi-
cating that protracted induction morbidity is unlikely.
Rapid bone marrow recovery is advantageous in
terms of morbidity, but according to recent evidence
also may be a favorable prognostic factor. In adults
with ALL, shorter time to platelet recovery has been
associated with better disease free survival and
overall survival [7], possibly reflecting host ability to
overcome MRD [8]. In children, a high PLC at end of
induction (upper quartile) was significantly associated
with better outcome [4]. In addition, a low ANC at
end of induction (below median) was associated with
more relapses than expected, independent of the
amount of MRD [3]. In our small cohort, it is not poss-
ible to analyse the relation between BM recovery and
outcome. We did find, however, that complete recov-
ery of PLC-15 was predictive of low MRD-29, which is
a favorable prognostic factor. This indirectly supports
a prognostic role for BM recovery.
In recent years, several reports have shown that the
lymphocyte counts during induction also have a prog-
nostic significance. Most children show a striking
pattern with development of lymphopenia by mid-
induction followed by lymphocyte recovery by the
end of induction. In 2008, De Angulo et al. [9] reported
that a very low lymphocyte nadir, ALC-15 < 0.35/nL,
was a strong and independent predictor of a high
event rate in children and adolescents with ALL and
with AML. Since then, two Chinese studies using
ratios of mid-induction ALC to initial ALC have shown
that a low ratio is correlated with high MRD [5] and
associated with an inferior event free survival [6]. In
our study we found that ALC-15 < 0.35/nL was twice
as frequent among poor than among good responders.
Thus, a modest fall in ALC may somehow reflect robust-
ness of the host.
The subsequent recovery of lymphocytes also may
have prognostic value, with low counts at end of induc-
tion being an adverse factor. Studies have shown that
ALC-29 < 0.35/nL, is associated with poor survival [10],
that ALC > 0.5/nL at end of induction indicates better
survival in MRD-negative children [11], and that ALC-
29 > 1.5/nL indicates better relapse free survival in
both MRD-positive and MRD-negative patients [12].
The latter finding, however, could not be replicated
in a subsequent study in an ethnically different group
treated on a seven-drug induction [13]. In our study,
there was no difference in ALC-29 between good and
poor responders. Further studies including subset ana-
lyses are needed to elucidate whether persisting lym-
phopenia might indicate a lack of anti-tumor cells.
In conclusion, this retrospective study has shown
that the three cell lines regenerate at different rates
as induction chemotherapy clears the BM of leukemia
cells, with rapid platelet recovery and slow neutrophil
recovery. PLC-15 may be a useful clinical marker,
partial recovery indicating early BM regeneration with
low induction morbidity, and complete recovery
increasing the probability of good response to che-
motherapy. In addition, our study confirms recent evi-
dence that changes in ALC during induction may be
prognostically significant, with a very low nadir at day
15 pointing to poor treatment response. Further
studies are needed to investigate whether the
changes in peripheral counts during induction may
have a role in treatment stratification.
Figure 3. Absolute lymphocyte counts per nL during induction
chemotherapy in 63 children with ALL: Range and median
values on treatment days 1–36 (n = 53–59, 34 for day 22
because of missing values).
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